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2 Existing Knowledge About Occupant 
Behavior and Energy Consumption
Introductory note
Chapter 2 provides an overview of a literature study of the existing knowledge on energy 
consumption from the urban to the user scale, energy performance modelling methods, 
the energy performance gap, and insights to determinants of heating energy and 
electricity consumption. 
This review first helped to set up a reference point for the reasons to actual occupant 
behavior, how perception, lifestyle, norms, rules lead to various actions at home (Figure 
1). Secondly, through this study, a framework for the relationship between occupant 
behavior and energy consumption was created (Figure 2), based on the determinants 
of behavior, i.e. occupant characteristics (educational, economic, social), dwelling 
characteristics (envelope, systems, lighting and appliances…). This literature study set 
the context and also the first steps of this research. The determinants found through this 
review (Table 2) gave input to the content and structure of the questions of the survey 
designed for the OTB dataset. 
The paper below was written by Bedir. The co-authors commented on the drafts and 
gave advise on the structure, and the content of the paper. The co-authors have given 
their permission to include the paper in the thesis. The review of determinants of energy 
consumption was first published as: 
Bedir, M. Hasselaar, E. Itard, L. (2008) A Review of Energy Performance and Comfort in 
Dwellings: The Human Factor. Proceedings of the Conference on Sustainable Building 
SB08 Melbourne, Australia p.3009-3016
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§  2.1 A Review of Research on Energy Efficiency in Buildings
Housing more than half of global population in 2013, cities account for about two-
thirds of primary energy demand, and 70% of total energy-related carbon dioxide 
(CO2) emissions (IEA, 2013). The energy and carbon footprint of cities will increase 
with urbanization and the growing economic activity of citizens. This puts cities at 
the heart of the sustainable energy transition. Efforts aimed at fostering sustainable 
urban energy paths, a vision for meeting demand for end-use energy services in cities 
while at the same time significantly reducing primary energy use and its environmental 
impacts, are crucial to meet energy ambitions. Improvement in the rural areas is also 









§  2.1.1 Urban planning and buildings
Achieving the goal of limiting global temperature rise to 2 C degrees would require 
an estimated 77% reduction in total CO2 emissions in the building sector by 2050, 
compared to today’s level. If no action is taken to improve energy efficiency in the 
buildings sector, the energy demand is expected to rise by 50% by 2050 (EC, 2012). 








is to establish and enforce stringent building codes that include minimum energy 




sustainability, compact and dense urban development is a structural assumption 
towards energy use reduction. For instance, compact urban form and density create 
the premises for reduced demand for mobility and for greater efficiency of energy use 




Improved building envelopes in all regions allow for the downsizing of heating and 
cooling equipment, and for a significant reduction in energy use. Tougher regulations 





potential and cultural heritage conventions are some of the reported reasons that 
constrain the potential for broader implementation of nZEB's in cities. 
Energy renovation of existing buildings is as important as the advanced implementations 
for new buildings, especially in highly urbanized areas, and where population is not 
expected to grow more in future. In these contexts, reducing building energy demand 
through renovation can facilitate electricity export, avoid grid infrastructure investments, 
unlock biomass to substitute fossil fuels in transport and enable deployment of new 
technologies such as low temperature district heating and cooling systems. Reduced 
energy demand also brings together important energy security benefits. Building 
renovation could be supported by more advanced building technologies and intelligent 
energy management systems that empower consumers and encourage behavior change.
The speed of urbanization is an opportunity to the transition towards low-carbon/low-
energy urban energy systems, new buildings, retrofits of existing buildings and new 
transport infrastructure to service the growing urban population. The greater density 
of urban areas leads to infrastructure investments like public transport, cycling, district 
heating and cooling, and utilization of excess heat. This tempers the additional costs 
to achieve lower energy consumption levels in urban areas compared with rural areas. 
Advanced building and laboratory programs striving for zero-energy buildings need to 
continue. 
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§  2.1.2 Energy efficient supply
Renewable energy sources located in urban areas can make an important contribution 
to meeting the energy needs of cities while at the same time increasing energy 
resilience and retaining economic value within communities. Among renewable 
energy sources that can be deployed in urban areas, rooftop solar photovoltaic (PV), 
solid waste (SW), and sewage and wastewater gas are already cost-effective today and 
can play a relevant role in covering the electricity, heating and cooling needs of cities. 
Though the potentials from SW, sewage, and wastewater gas are not large, these energy 
resources can provide relevant cost savings for waste and water treatment services. 
Rooftop solar PV can make a significant contribution to meeting electricity demand 
in cities. The technical potential for rooftop solar PV could provide up to 32% of urban 
electricity demand and 17% of global total electricity demand by 2050. The solar PV 
potential is larger in small cities, due to the lower density (ECEEE, 2016).
Currently, space heating and cooling together with water heating are estimated to 
account for nearly 60% of global energy consumption in buildings (IEA, 2016). They 
therefore represent the largest opportunity to reduce buildings energy consumption, 
to improve energy security and reduce CO2 emissions. Meanwhile, cooling demand is 
growing rapidly in countries with highly carbon-intensive electricity systems. A systems 
approach, where equipment upgrades are coordinated in particular with improved 
building envelopes, is crucial to achieving higher energy efficiencies and a low-carbon 
heating and cooling supply. The use of electric resistance heaters in existing buildings 
is promoted to be avoided, and eventually be prevented for new installations and 
equipment replacements. Instead, heat pumps, solar thermal and co-generation for 
space heating and cooling as well as hot water are prioritized (ECEEE, 2016). 
In regions that are highly dependent on traditional biomass, energy use in buildings 
represents as much as 80% of total final energy use (IEA, 2016). In these regions, a 
major initiative seems to be needed to promote modern biomass equipment that can 
reduce air pollution and improve human health, while allowing more of the scarce 









Cities can decrease the carbon footprint of their thermal demand by reusing 
excess heat from industrial plants located in the proximity of urban areas. The 
cost-effectiveness of using industrial excess heat (IEH) in cities depends on local 
conditions such as the existence of thermal distribution networks and the quality of 
the heat source among others. Systems integration of distributed energy services in 
cities can allow accelerated penetration of distributed energy sources and renewable 



















medium- and long-term targets for implementing building codes and minimum 
energy performance standards for lighting, appliances, heating and cooling equipment 
seem to require immediate action.
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accommodate periods of excess or scarce variable renewable generation in the national 
grid. Overall, the greater flexibility provided by such urban power-to-heat systems can 
not only balance variable renewable generation in the main system but also provide 
local balancing and other system services to support the integration of distributed 
energy sources. By enabling a more distributed system where energy is produced and 
consumed locally, smarter integrated urban energy grids can reduce the need for 
investments in the main energy infrastructure. More broadly, they can also enhance 
energy security through greater redundancy and resilience to external shocks.
Innovative management models for effective system integration at the urban level are 
interesting. New models such as micro-grids or the various existing models that turn 
consumers into producers and “prosumers”, enable a wide range of benefits at the 
local level, including reduced environmental impact, reduced energy cost for urban 
communities, increased energy access and greater security of supply. 
§  2.1.4 Energy technology and innovation
Energy technology and innovation is central to meeting climate mitigation goals while 
also supporting economic and energy security objectives. Continued dependence on 
fossil fuels and recent trends such as unexpected energy market fluctuations reinforce 
the role of countries, individually and collectively, to stimulate targeted action to 
ensure that resources are optimally aligned to accelerate progress. 
The buildings sector uses a wide array of technologies including the building envelope 
and its insulation, space heating and cooling systems, water heating, lighting, 
appliances and consumer products, and business equipment. Broader deployment of 
district heating, heat pumps and solar heating helps to transition the energy supply 
away from fossil fuels and direct electric heating. In cities with district heating, it 
seems it may be more cost effective to pursue only moderate building energy efficiency 





performance envelopes optimized to harvest passive solar energy and daylight, 




standard for all new construction globally. More than 40% of the savings expected 
in heating and cooling energy demand under a low-carbon scenario can be directly 
attributable to improvements in the building envelope (ECEEE, 2016). Lower heating 
and cooling requirements will also allow downsizing of the equipment needed to reach 




essential for de-carbonization. Wind and PV power have the potential to provide 
22% of reduction in annual electricity sector emissions in 2050; to fully exploit the 
performance improvements achieved through technology (ECEEE, 2015). 
In 2015, clean energy technologies continued their advancement as mainstream 
energy solutions in 2015. The threshold of one million electric cars was crossed in 
2015, with an overall annual sales growth rate of 70%. Renewable power generation 
grew by an estimated 5% in 2015 and now accounts for around 23% of total electricity 
generation globally. Energy efficiency improvements continued at a steady pace, 
with buildings and appliances improving at a faster rate than other end uses. Despite 




as well as strategic planning in all energy end-use sectors. In the transport sector, 
improved land-use, infrastructure and integrated territorial planning are important 
for curtailing energy demand. Necessary further effort is emphasized for technological 
advancements in district energy, car technology, and lighting (IEA, 2016).
§  2.1.5 Prosumers
The European Commission recognizes the importance of putting citizens at the core of 
the energy transformation, but citizens still do not have their rights set up on the EU 
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level. In order for the EU Energy Union to work, individuals and communities should 
no longer be treated only as passive consumers of established energy companies, but 
also as potential energy producers, or ‘prosumers’, particularly through self-generation 





reduced energy bills as well.
§  2.2 Determinants of Energy Consumption and Occupant Behavior
The human being shapes the physical environment around itself and in response; the 
physical environment that he deformed begins to change it. Currently, this mutual 
interaction has been leading to environmental depletion and energy resource decay 
in broad terms. On the other hand, the measures proposed for reducing energy 
consumption have to meet the demands for the optimum livable environment for 
the inhabitant. Nevertheless, in most cases, these two goals cannot be achieved at 
the same time, either because of the design of building systems and components, or 
resulting from the behavior of the occupant. The aim of this section is to develop an 
understanding of the relation between occupant behavior, indoor comfort and energy 
consumption in dwellings, based on previous research. Literature on the subject 
matter is analyzed in order to derive out the following: what the actual behavior of an 
occupant is, how it occurs, and what they mean in terms of comfort, health and energy 
consumption; as well as to produce a framework for evaluating the relationship.
Considered literature focuses on the relationship between occupant behavior and 
















measurements and evaluated with simulation and/or statistical analysis.
§  2.2.1 Actual behavior of the occupant
Planned behavior is a consequence of behavioral intentions. These intentions result 
from attitudes, norms, and perception. Underneath behavior lie beliefs of behavior, 
norms and control. In Giddens’s structuration theory, the analysis of environmental 









this point it should be emphasized that adaptation is also involved in perception. 
Occupants adapt to the changing indoor air quality levels in every 15 minutes. Besides, 
adaptation raises the acceptability to indoor pollutants when the pollutant source 
is human behavior (like smoking), whereas building originated pollutants are less 
acceptable. Also, cross adaptation is observed when among many sources of pollution;  
acceptability changes according to the change of concentration of the main pollutant 
that the occupant is exposed to (Gunnarsen et al. 1992).
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FIGURE 2.1 Framework of causes and impact of actual occupant behavior and energy consumption (interpreted 
from literature review)
§  2.2.2 Relation between occupant behavior – energy consumption and Health
Analyzing energy consumption of a dwelling has building related and occupant 
behavior related aspects. The occupant influences energy performance through its 
daily activities like studying, watching TV, washing up etc.; through internal heat 





interventions modestly improve some aspects of physical health of occupants in 
dwellings (Fisk, 2000; Wilson et. al., 2014; Willand et. al., 2015), while in many cases, 
this cannot be managed (Roulet et.al., 2006).




such as heating and electricity use, cooling and ventilation etc. Relation between 




§  2.2.2.1 Occupant characteristics


















a context and with cues create habits. Repeating the habit strengthens it, and then, 
even when the original motivation is not there, habits will still be triggered by the 
contextual cues. Most of everyday behaviors are claimed to be led by habits, especially 
using technologically advanced devices and systems. At home, research shows higher 






the dwelling to maintain their own energy balance with indoor climatic conditions, and 
the extent to which they rely on physiologic responses to maintain that energy balance 
determines the magnitude of their thermal discomfort and attendant dissatisfaction. 
Indoor thermal conditions influence body heat balance which leads to thermal 









in awareness about energy consumption and environment, hence reducing energy 
consumption. Motivation is another important determinant of electricity consumption 
(Vringer & Blok, 2007; Linden et al., 2006), and could be created through educational 
and economic measures. In a study in Finland, economic reasons provided the 
motivation for households to save energy: the occupants were eager to save energy by 
changing their lighting appliances, sealing windows, lowering room temperature and 
reducing hot water consumption. Further, households wished to get advice on use of 
electricity, space heating, ventilation and use of water. Half of the users began to turn 









are only met at the highest speed level of the exhaust fan, and they do not operate it 
correctly. This results in poor indoor air quality (Ginkel et al. 2003, Liddament, 2001). 
Feedback should not be handled alone; factors such as the conditions of housing, 
personal contact with a trustworthy advisor when needed, and support from utilities 
















conducted in IEA-SHC program, states the economical determinants of user behavior 
as ownership (as well as O’Doherty et al. 2008 and Leth-Petersen and Togeby, 2001), 
income level (as well as in Vringer, 2005; Biesiot and Norman, 1999), savings, 
employment situation or general; subsidy and advancement, tax reduction, energy 
(as well as Linden et al. 2006), building and appliances costs (as well as Lohnert et al., 
1989). 
§  2.2.2.2 Building characteristics
In this study, the components of a dwelling that have impact on occupant behavior 
directly or indirectly are categorized as site & climate, building envelope, mass 
composition, mechanical system and lighting and appliances.
A Site and climate
Outdoor air temperature, horizontal global irradiance, wind velocity and wind direction 
have an impact on user behavior in terms window opening (Erhorn, 1988; Feustel et 
al. 1985). Users tend to open windows less depending at night and temperature below 
12 C degrees and when the wind velocity is greater than 3 m/s whereas horizontal 
global irradiance has a minor impact on user behavior in correlation with outdoor 
temperature. The use of windows is linearly correlated with the outside temperature 






factors. People shut the windows when the outside noise level is between 60 and 
65 dB(A) and take more serious precautions like sound insulation, changing spatial 
organization, when it is noisier than 65 dB(A) (Lambert et al. 1984). On the corridor 
side of the apartments the windows or vent-lights were opened maximum half an hour 
on average and on the balcony side maximum 1.4 hour when nobody was at home. 
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The type of heating system plays a role. In dwellings with central heating windows 
are less often open than in other dwellings (Wouters et al. 1986). In addition, several 
studies focus on the effect of the type of thermostat control on energy use. Households 





thermostats set the mean temperature slightly lower than those without thermostat. 
Lutzenhiser (1992) proved that households with manual thermostats consume less 
energy in comparison to households with programmable thermostats. The other 
parameters are heating system type and appliances (Haas et al., 1998; Leth-Petersen 
and Togeby, 2001; Papakostas and Sotiropoulos, 1997).













Besides thermal comfort, health aspects are means for ventilation behavior: Higher 
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2005). However, Seppanen (2001) puts forward respiratory allergies and asthma as 
health consequences of poor ventilation system use. On average, the prevalence of SBS 




Römer indicates that together with the introduction of balanced ventilation to houses, 
as energy consumption decreased around 15-20%, health risk is elevated mainly due 
to the change in tap water temperature, relative humidity, dust and air exchange rate 
(Römer, 2001). Lembrechts et al. (1996) point out that seldom use of the mechanical 
ventilation system in full capacity result in radon increase in Dutch dwellings, in 













owing to bad manufacturing of components, improper selection and installations of 
components, bad system flow balancing, and inadequate commissioning, too high 
sound emission at supply and extract terminals and sound transmission, excessive 
window airing by occupants and general poor acceptability (Dorer et al. 1998).
E Lighting and appliances
Lighting behavior in a dwelling depends on the type and characteristics of the dwelling, 
the type and duration of activities performed there, and the lighting habits of the 
members. Variations and behavioral factors about lighting and appliances among 












Appliance index combined with the air conditioning index explained the variance 
in electricity consumption by 51%. Cramer’s research further included electricity 
price, income, education, ethnic background, occupation, age, thermal comfort, 
conservation, environmentalism, and energy knowledge scales were able to explain 
34%, and the combined model of appliance, air conditioning indexes and household 
characteristics was able to explain 58% of the variance in summer electricity 
consumption. The appliance index of Tiwari (2000), on the other hand, was based on 
ownership of appliances and their power data. Tiwari’s work also included household 







of electrical energy consumption in dwellings.
§  2.2.2.3 Determinants of behavior and energy consumption: A framework
Occupant behavior is influenced by (1) occupant’s educational and economical 
background and household characteristics, (2) dwelling’s outdoor environment 
and climate characteristics, envelope and mass composition, mechanical systems 
installed, and lighting and appliances used in the house. Behavior is either a reflection 
of the occupant’s inherited and developed personal characteristics or a reaction to 
the perception of the indoor comfort conditions created. Dwelling’s architectural 
characteristics, service systems and outdoor environment affect occupant behavior 
in terms of their contribution to the indoor comfort conditions. Therefore, in order 
to understand the occupant behavior with respect to indoor comfort and energy 
performance of the house, these relations must be analyzed in correlation (Figure 1). 
However, in the literature revised, there is little research that covers these aspects in 
correlation but rather, approaching from one aspect. 
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Guerra Santin et al. conducted research on the occupant behavior and heating energy 
consumption using OTB dataset (2010), and revealed that the determinants of heating 
energy consumption are household size, age of the respondent, ownership of the house 
and income, the number of heated bedrooms and thermostat settings. 
Perception of comfort is an important part of occupant behavior and adaptation to 










In literature, systematic studies are missing covering both occupant and dwelling 
related aspects; research generally focuses on energy consumption or indoor comfort/
health. It should be emphasized that long term measurement covering both winter 
and summer behavior in relation to energy performance and comfort, and validation 
is needed. Occupant and building characteristics that are covered in literature are 
categorized in Table 1 and Figure 2.
Moreover, it is important to realize if behavior should be modified or the technology 
should be adapted to achieve reduced energy consumption levels and how. Practical 
information is necessary for the actors in building process about the design of systems 
and equipment to better adapt the systems to user behavior. In addition, more 
information for legislation especially about air tightness and ventilation rate standards 
is needed. In some studies, the abovementioned characteristics were able to explain as 























Occupant characteristics Building Characteristics








Lighting &  
appliances
Age Awareness Ownership Irradiance Air tightness Floor height Heating Lighting
Occupation Knowledge Energy use Wind Material use Window design Ventilation Appliances













behavior is responsible for part of energy performance gap. This is a serious threat for 
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negotiating energy conservation with policymakers, with sectoral actors, consumers/
users, … Furthermore, in terms of the developing technologies and experiments, if this 
gap exists to such an extend today, it might be too difficult to catch up with later on, 









consumption can 2 to 10 times higher than compliance calculations carried out 
during the design stage. Leeds Metropolitan’s monitoring research on 700 dwellings 
show a significant gap between the energy use expected before construction and the 
actual, once the house is occupied. Thermal bridges on the building envelope, but also 
between adjacent dwellings have the largest share in this discrepancy (Wingfield et al., 
2011).























occupant behavior in energy performance calculations. He showed that the total energy 
use follows a normal distribution with a standard deviation of around 7.6% considering 
the uncertainties due to occupant behavior, and of around 4.0% considering those by 
building characteristics. Following research showed that lack of information on the 
building’s envelope and installations might have a share in the discrepancies between 








uncertainties in weather, U-Value of windows, and other variables related with 
occupants’ behavior (equipment and lighting). Uncertainties could be due to the 
underestimation of the role of, and the variance in occupant behavior, also proving 
that occupants have a substantial influence on energy use (Blight and Coley, 2012; 
Richardson et. al., 2008; Soebarto and Williamson, 2001; Yudelson, 2010; Clevenger 
and Haymaker, 2006).
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planned in the design stage might not meet the manufacturer’s energy performance 
specifications and are subject to degradation over time, which lead to a performance 
gap once the building is operational (Newsham et al. 2012). Predictions made on 
energy performance might not account for all energy uses in buildings, unregulated 
sources of energy consumption such as small power loads, server rooms, external 
lighting, and so on. Appropriate tools and models, or adequate training of the analyst 
might be lacking in calculating the building energy performance. Any calculation at 
this stage includes a degree of uncertainty. Building energy performance modelling 
and uncertainty analysis are fields that still need further development (Reddy and 
Panjaporn, 2007; Ryan and Sanquist, 2012).
2 During a building’s construction process, other factors might also contribute to the 
energy performance gap (Bell et al. 2010). Implementing the defined insulation and 
airtightness levels are challenging, construction defects might be hidden from view 
inspection, thermal bridges might occur. 
3 Building commissioning is a difficult process, when a full performance testing might 
not be possible due to budget and time constraints (Bunn and Way, 2010).
4 During post occupancy phase, one issue is that actual building use and real weather 




contextual factors such as weather data and occupant behavior. Measurement/
monitoring can often have issues of calibration, accuracy, missing data, which causes 
an energy performance as well. 
§  2.3.3 Energy Performance Gap in Dwellings
Majcen et al.’s (2013) article about understanding the reasons to the discrepancies 













on the theoretical gas consumption together with the ventilation rate. The number of 
occupants together with internal heat load have a more limited impact on theoretical 
gas consumption. 
Research by Ioannou and Itard (2015) on the influence of building characteristics and 
occupant behavior on heating energy consumption utilize a Monte Carlo sensitivity 
analysis based on the results of energy performance simulation. A single residential 
housing unit in the Netherlands was selected for this. The analyses were conducted 
using the technical and physical properties of the building, which are the thermal 
conductivity of the walls, floor and roof, window U and g values, orientation, window 











of the occupant. 
The technique of sensitivity analysis was used to assess the thermal response of 
buildings and their energy consumption (Lomas and Eppel, 1992).  The findings were 




the most critical parameters were the window U-value, window g value and wall 
conductivity in the thermally efficient building, and in the thermally inefficient building 
the orientation of the building replaced the window U-value. 
Ioannou and Itard (2015) found the predominance of behavioral parameters on energy 
performance (thermostat setting and ventilation flowrate), meaning they reduce the 




heating systems, the proportion of variance in the heating that was explained by the 
parameters used in the study (higher than 70%, and in some cases reached 98%, 
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energy consumption focused on a survey conducted in a subset of Amsterdam 
dwellings that had an official energy label, which provided a deeper understanding 
of the performance gap. Upon evaluating descriptive results of several statistical 
tests, several regression analyses were performed on different subsamples. They 
proved once more that occupant behavior has a large effect on heating consumption, 











actual gas use, and comfort relevant for only the DBTA. They proved that actual gas 
use could be predicted with a higher correlation of household and behavioral variables 
with, which was detected in household composition, the ability to pay energy bills, 
presence at home, set point temperature and efficiency of behavior. Presence and 
indoor temperature were found to be two very important parameters in determining 
real gas use of a dwelling. Midday presence related to a decreased DBTA, which could 
mean that households who spend more time at home somehow matched conditions 
assumed by the theoretical calculations better. On the other hand, occupants who 
spent more time at home during the night tended to have an increased DBTA. It also 
seemed that people who were not often sleeping elsewhere tended to have a larger 
DBTA. Conversely, the ones that often slept elsewhere had a smaller DBTA.









context. The models used for energy performance simulation of buildings are sensitive 
to input parameters. The accurate representation of the building in these models 
depend on the correct modelling of the sensitive parameters (Lam et. al., 2008; Lam 
and Hui, 1996; Rabl and Rialhe, 1992, Ioannou and Itard, 2015).
2 Need for further monitoring: In spite of the advancement in measurements and 
monitoring in building energy consumption field, the resolution of data necessary to 
clearly understand the main causes of energy performance gap is still rather low.
3 Actors  and responsibilities of a building’s energy performance: The responsibility for 
the energy performance gap has not been shared by different actors in the design, 
construction and post occupancy stages of building, hence the actors and their 
responsibilities are unclear to bridge the performance gap.
4 Most research into the energy performance gap focusses on non-domestic buildings; 
hence the uncertainties for dwelling sector remain unclear. Determining the exact 
U-values of walls is very important. Considering that dwellings' vintage might influence 
the amount of information that can be gathered on building characteristics, a faster 
and more reliable method is needed for the determination of the U-values of the 
building envelope (Ioannou and Itard, 2015; Majcen et. al., 2013).
§  2.4 Modelling User Behavior: A Review of Methodologies
Research on the influence of occupant behavior on the energy performance of dwellings 
tends to follow one of two methodological approaches: deductive or inductive. The 
deductive approach deals with the relationship at a macro level, considering household 
characteristics, income, rent, and energy consumption data garnered through a 
survey and establishing correlative and regressive statistical models to explain the 
relationships among these factors. In contrast, the inductive approach is based on 
actual occupancy patterns, including the operation of heating and ventilation systems, 
lighting, and appliances, and utilizes a bottom-up model that includes simulations of 
probabilities and considers presence as a precondition of behavior. The data-collection 
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Chapter 3 of this thesis follows the inductive methodological approach, focusing on 
the heating energy demand of dwellings that originates from occupant behavior, 
namely the heating energy required to sustain indoor comfort levels and the internal 
heat gain that results from presence and intermediate activities. The core principle of 
the inductive approach is the presence of the occupant as the determining element of 







heating energy demand and creates a model of the relationship between occupant 




















Operation of systems & app.
Monitoring
Observation
FIGURE 2.3 The inductive and deductive models of occupant behavior-energy consumption relationship
Chapter 3 presents a Sensitivity Analysis (SA) of the influence of occupant behavior 
on the energy performance of dwellings. The aims of the study were to determine 
occupant behavior patterns quantitatively and reveal the robustness level of energy 
consumption in dwellings with respect to occupant behavior. Unlike in the existing 







systems and devices according to his or her needs, and the internal heat gain resulting 
from his or her presence.









of measurement, absence of information and poor or partial understanding of the 
driving forces and mechanisms. This imposes a limit on our confidence in the response 
or output of the model. SA is used to increase the confidence in the model and its 
predictions, by providing an understanding of how the model response variables 
respond to changes in the inputs. There are several ways of carrying out SAs, the most 
common of which is based on sampling. “A sampling-based SA is one in which the 
























less dependent on the reference building, and provides information about possible 
correlations (interdependencies) between parameters. Chapter 3 of this thesis uses a 
global SA.

















addition, because electricity consumption seems to depend far less on the physical 
characteristics of a house, than space and water heating (Wright, 2008), routines of 
electrical appliance use might provide us with more articulated insight into household 









be able to develop advise for energy consumption to be further reduced. The goal 
would be to ascertain how occupant behavior interacts with the influence of building 
regulations on energy consumption of dwellings.
Energy use for space heating depends on the heat gains and losses of a dwelling, which 
are determined by its technical and architectural characteristics on the one hand and 
by the behavior of the residents on the other (Papakostas & Sotiropoulos, 1997). 
Guerra Santin (2009) proved that 42% of the variation in the energy consumed in the 
Dutch dwellings for heating space and water could be explained by type of dwelling, 
type of HVAC system, and insulation level. An additional 4.2% could be explained by 











environment, energy concern, health concern, and personal comfort.
In a study by TNO-ECN (2006) five groups of households were studied on the basis 
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heating and ventilation systems and other home amenities. Previous studies have 








§  2.5.2 Electrical appliance use patterns



















over 5 existing time use data sets, collected in Sweden in 1996, 2006 and 2007. The 
results showed that household behavior patterns regarding cooking, washing, lighting, 
TV, PC and audio use were able to be modeled using time use data of electricity 









of ICE appliances consumption and around 7% of average whole house electricity 
consumption. O’Doherty et al. (2008) analyzed the determinants of domestic electrical 
appliance ownership in the Irish housing stock. Their survey conducted in 2001 and 





families, suburban executive families, and young urban families.
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§  2.6 Conclusion
Aspects of urban sprawl, over-consumption of energy and release of CO2 emissions, 
use of natural resources, excessive use of fossil fuels, and waste production make 




collaboration of several professions, and the consideration of the occupancy period. 
What we know for sure is that there are large variances between the calculated energy 
performance and the actual energy consumption of dwellings in energy efficient housing. 
This energy performance gap could be caused by several reasons, such as unexpected 
occupant behavior, lack of comprehensive data of the whole building process, calculation 
drawbacks, the construction defects/mistakes in building construction.
This research is focused on the relationship between occupant behavior and energy 
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